Freshwater swamp forests are wetland ecosystems with poorly understood ecology. With increasing degradation across the Niger basin (where it is the most extensive across West Africa), it is deemed important to understand its distribution, patterns and composition. This is aimed at both increasing botanical inventories in the ecosystem and also elucidate vital steps that could guide its effective conservation. This study assessed the floristic composition and diversity across 16 one hectare forest plots and sought to show how varied the sites were in terms of diversity, stem density and basal area. The survey showed that the area had 116 species within 82 genera and 36 families. The number of species found in each of the disturbed sites was generally higher than the intact forest sites, which was not diverse but comprised many trees with higher basal area. While the stem density which ranged from 94 -409 stems•ha −1 is comparable with that of other tropical forests, species richness was low (ranging from 8.65 -0.52). Diversity ranged from 3.38 -0.98 and was higher in disturbed sites than in intact locations. Species richness was generally low and implies that loss of species in the ecosystem could threaten species' existence and conservation in the ecosystem. Disturbed locations had more species than the intact zones and as such show the importance of targeted conservation not only in the undisturbed locations but also in the disturbed locations with a higher species value and potential for species stability of the ecosystem.
Introduction
Tropical ecosystems are the biologically richest ecosystem on earth (Pimm & Raven, 2000; Bradshaw et al., 2009; Gibson et al., 2011) and contain up to two third of the earth's terrestrial biodiversity (Gardner et al., 2009) . They are very productive ecosystem that provides significant benefits, a wide range of ecosystem services and sources of livelihood for a vast majority (Lewis, 2006; FAO, 2011) . While these features make tropical ecosystems unique and sought after, they are being lost at alarming rates, without a detailed understanding of their specific ecosystems. Studies on tropical ecosystems abound and have been able to give a general background on what exists in the tropics; however in depth studies concerning specific ecosystems (especially freshwater swamp forests) and its biodiversity patterns are lacking.
Even though the freshwater swamp forests are unique ecosystems which provide valuable ecosystem services such as the regulation of flood and maintenance of water quality by removing sediment and pollutants from moving water (Asthana & Asthana, 2003) , provision of timber and wood products, habitat for wildlife and recreation for bird-watching and fishing, their ecological relationships are poorly understood. Freshwater swamp forests are wetland ecosystems associated with low-lying areas along the lower reaches of rivers and around freshwater lakes. Being periodically inundated by river water, their soils are high in nutrients, often water logged and the trees grow rapidly, particularly where flooding results in physical disturbance of the forest (Thomas & Baltzer, 2002) .
The ecosystem borders other forest ecosystems like lowland rainforest and mangrove swamp forests (James, 2008) ; given their restricted environmental range, they are prone to fragmentation and disturbance.
The Nigerian freshwater swamp forest is concentrated in the Niger delta where over 20 million people, including 40 ethnic groups, live (Spalding et al., 2010) , and cover some 12,000 km 2 or half of the delta (NDES, 1997) . The main canopy of the forest is rather open and has almost impenetrable undergrowth (Keay, 1959) . The ecosystem's initial inaccessibility prevented human incursions and subsequent depletion; however, with the myriad of activities ongoing in the Niger basin: crude oil exploration, infrastructural development, expansion of agriculture, timber harvesting, urbanization, population increase, dredging activities, land reclamation and flooding (Igu, 2017a) , they are becoming degraded and threatened. Logging activities in the region have intensified since the development of roads and waterways opened up the region and made it accessible from market locations (Igu, 2016) . Being the oil hub of the country (Ite et al., 2013) , the region's population have grown over the years, and its associated impacts (like intensive agriculture to meet the growing population, urbanization, land reclamation and infrastructural development) have all culminated and contributed to an extensive and on-going depletion and degradation of the ecosystem. Combined with this increasingly degraded state, most of the studies on the freshwater swamp forest ecosystem have been from the Neotropics, especially Brazil (Kurtz et al., 2013; Scarano et al., 1997) , hence, forestalling the need to understand the freshwater swamp forest in other parts of the tropics. The lack of information about the ecosystem is more pronounced in Africa and Nigeria as a whole, with little or no information and understanding about the ecosystem since the initial rapid assessment on the composition and control of the ecosystem by Keay (1959) . Documenting the biodiversity of this ecosystem through forest surveys and taxonomic inventories have become more necessary than ever, particularly in the Niger Delta (along the Niger basin) region of Nigeria where the ecosystem is the most extensive across Africa (Ogon, 2006) and covers up to half of the delta (NDES, 1997) . This study is aimed at improving the baseline for the freshwater swamp forest across the region. To achieve this, the objectives are to: 1) document the existing composition of the ecosystem and show their varied abundance at the species and family levels, 2) show the variations in species richness, diversity and density of the ecosystem, 3) determine the variations that exist in the biodiversity indices within and across the sites and 4) compare the findings with other studies conducted elsewhere and show its priorities for conservation management. Part of the data on undisturbed freshwater swamp forest (for Otuwe forest) have been previously reported in Igu (2017b) , but was used as it provided a basis for comparison with other results from the disturbed sites.
Materials and Methods

Study Area
The study was conducted in the Niger basin, being a part of the Niger delta that is a vast low lying sedimentary basin crisscrossed by a large number of meandering streams, rivers and creeks that drain the river Niger into the Atlantic Ocean at the Bight of Biafra (Figure 1 ). This part of the Niger Delta (between Latitude 4˚ north of the Equator and Longitudes 5˚ and 7˚ east of the Greenwich) is drained by the river Niger and is where much of the remaining freshwater swamp forests are found (Figure 1 ). Areola (1982) broadly categorized the soils of this region as hydromorphic soils. They are described as seasonally or permanently waterlogged soils and are whitish or greyish in colour due to the reduction of oxides in the soils. The region has a tropical climate with long rainy season mainly from March/April to October. The flood regime begins in August, peaks in October and tapers off in December. The wet season lasts nearly throughout the year; the wet season peaks in July and the dry months are mainly between Decembers to February (Hughes & Hughes, 1992) . Relative humidity rarely dips below 60% and fluctuates between 90% and 100% for most of the year, with average monthly maximum and minimum temperatures varying between 28˚C to 33˚C and 21˚C to 23˚C, respectively (James, 2008; NDES, 1997) .
Data Collection
The sites were delimited after the vegetation map of Keay (1959) . Selection of the sites was done to capture variations in disturbance among the sites using the Plant species were identified to species levels in the field, while voucher specimen were collected for unidentified ones and verified in FRIN herbarium afterwards. Plant identification followed the Taxonomy of Nigerian plants (Keay, 1989) . The Akarai-Obodo and Akili-Ogidi site each contained 4 plots, while 8 N. I. Igu, R. Marchant DOI: 10.4236/ojf.2018.84035 571 Open Journal of Forestry plots were set up at Otuwe. The variation in the number of plots per forest site was due to differences in the sizes of forest units.
Data Analyses
Importance values (IV) were used to characterize the forest sites and summarize the patterns and composition of the ecosystem across different forest locations.
In addition to the frequency, density, basal area and dominance, relative values were used to ascertain the importance values for the species as well as that of the different families. The importance values were calculated after Cottam and Curtis (1956) , Husch et al. (2003) and Mori et al. (1983) as follows:
Number of stems of a species Relative Density 100
Total number of stems
Frequency of a species Relative frequency 100
Sum of all species
Total basal area of a species Relative dominance 100
Total basal area of all species
Species importance values Relative density Relative frequency
Relative dominance
Number of species in a family Relative diversity 100
Total number of species = × (6) ( )
Family importance values Relative density Relative dominance
Relative diversity
The importance values range from 0 to 300 indicating absence of dominance and monodominance respectively; dominant species or families were defined as those with values ≥ 10 (Adomou et al., 2009 ).
The biodiversity indices of the ecosystem were calculated following Magurran (1998), Magurran (2004) and Kent and Coker (1992) :
where H l is the Shannon-Weiner index, s is the total number of species, pi is the proportion of individuals in the ith species, and ln is the natural logarithm. 
Results
The survey recorded a total of 116 species within 82 genera and 36 families across the 16 plots. As these hectares were from three different forest locations or sites, the results are thus presented according to the different forest sites below.
Species Composition and Abundance across the Forest Sites
Akarai-Obodo (Site 1)
This location recorded the highest number of plant species (80) 
Biodiversity Indices, Tree Abundance and Stem Sizes
The species richness varied from the highest index of 8.65 in (Akarai-Obodo) to the least value of 0.52 in (Otuwe) ( 
Discussion
The species composition across the sites and plots differed in their patterns of dominance. The dominance of Malvaceae across the ecosystem was mainly from the genus Sterculia, which occurred in all the forest locations. The genus has distributional range in tropical areas of Africa and Asia and particularly in the West African countries of Nigeria, Benin, Cote d'Ivoire, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Togo and Sierra-Leone (Burkill, 1985; Keay, 1989 (Keay, 1959; Ubom et al., 2012) , it is however a reflection of the extent of the degradation, mainly from anthropogenic factors ongoing in the ecosystem. Being a secondary forest species which requires an open canopy to thrive, it dominates the freshwater swamp ecosystems that have undergone series of anthropogenic and natural disturbances. As such, it is a main flora of the first two sites which are more degraded than the third site where it only had a single stem/tree occurrence out of 2041 stems ≥ 10 DBH. The Leguminosae family being another notable dominant family in the ecosystem recorded the highest number of species among all the families in the ecosystem. Being a major feature of the tropical (or Neotropical) rainforest ecosystem (Gentry, 1995 (Gentry, , 1988 Duran et al., 2006; Romero-Duque et al., 2007; Fonty et al., 2011) , it maintains its dominance through its multiple species presence. As such, the constraint associated with the ecosystem which limits the number of plant presence does not affect it in the same proportion with the other families with poorer species diversity. The genus Rhizophora was also found in plots associated with creeks and rivulets where disturbances have opened up spaces for them to thrive and where the degree of salinity (associated with the creeks) permits or is suitable for them to coexist with other freshwater swamp flora. It was not found in site 2 which even though was similar in terms of wetness but does not have the tiny creeks and inlets like other locations that permits the transportation of both their seeds and saline water for the facilitation of their propagation and coexistence. (Wikramanayake et al., 2002) ; in the neotropics, dominant species like Tabebuia cassinoides, Tovomitopsis paniculata, Symphonia globulifera, Pterocarpus officinalis and families like: Clusiaceae, Bignoniaceae, Burseraceae, Arecaceae and Annonaceae were reported (Scarano et al., 1997; van Andel, 2003; Fickert & Grüninger, 2010; Teixeira et al., 2011) . This pattern is unlike other ecosystem like the lowland forests in the tropical and neotropical regions which are dominated by the Leguminosae family (Gentry, 1995 (Gentry, , 1988 Duran et al., 2006 ) and the lowland (rainforest) forests of southwestern Nigeria which is dominated by Moraceae family (Adekunle et al., 2013) . The freshwater swamp forests in the Niger basin are made up of floristic composition which occurs in other ecosystems, however its pattern of dominance and coexistence are varied and site specific. Species diversity varied from site to site and from forest to forest, with some forest or sites being composed of large trees and diverse composition, while others have less (Table 3 ). The variation in the species diversity of the forest sites is mainly a function of disturbance. While the extent of disturbance, as well as land use and biogeochemical factors are undoubtedly responsible for the variations seen in forest landscapes, understanding how they apply to the local environment and specific ecosystems (such as the freshwater swamp) forest is very vital. This variation in the number of species found across the forest sites especially among the disturbed sites showed that the freshwater swamp forest ecosystem does not have uniform or consistent flora across large geographical scales, but are site specific and very variable. Even though the diversity of the forest sites increased with disturbance and the species richness improved with disturbance as well, such landscape's resilience reduces on the other hand since functional attributes such as invasion resistance tends to become more endangered (MacDougall et al., 2013) .
The results of the patterns of stem abundance/density across the sites (Table  3) could be compared with the results from other tropical forests. Studies from tropical forests in Asia have shown tree densities of 349 -627 stems•ha −1 and 9 -14 species in a dry tropical forest of Mirzapur district, Uttar Pradesh, India (Singh & Singh, 1991) ; 217 -292 stems•ha −1 in a dry tropical forest sanctuary in Raipur district, Chhattisgarh (Bijalwan, 2010) ; 428 stems•ha −1 in 95 species in a rainforest of Xishuangbana, China (Lu et al., 2010) . African tropical forests have shown densities of 434 stems (≥10 cm dbh) in mixed tropical forest, and 340 stems in a monodominant forest in Cameroun (Lewis et al., 2013) ; 387 stems in 94 species in a strict nature reserve in southwest Nigeria (Adekunle et al., 2013) . The stem densities are indeed similar and comparable with that of other tropical forests across the globe. These densities vary across the sites mainly due to the DOI: 10.4236/ojf.2018.84035 576 Open Journal of Forestry variations in disturbance regimes and capacities of each landscape to regrow after disturbance cycles. This on the other hand is responsible for the variations in basal area of the stems in each site. Species richness of the ecosystem though varied, were generally low. This low species richness feature is however consistent with other freshwater swamp forests (Lugo et al., 1988; Scarano et al., 1997; Teixeira et al., 2011; Kurtz et al., 2013) due to environmental constraints associated with the ecosystem. The flooding regime that is associated with the ecosystem which inundates the soil exerts selective pressure on the composition and the structure of the ecosystem (Kurtz et al., 2013) . Since the flood free environments required to facilitate reproduction and shallow water to prevent water-logging of seedlings or gas exchange (Lugo et al., 1998) are barely guaranteed for the ecosystem, it affects its richness and composition such that only those species with higher tendencies of adaptation could thrive in the ecosystem. Similar studies (Kurtz et al., 2013) reported lower species richness of the forests compared to the drier adjacent soil or forest locations.
As the ecosystem continues to undergo regimes of natural and anthropogenic disturbances, they provide gaps in the canopies of the forests and provide basis for regeneration and species diversity across the landscape. Such events go on to create opportunities for the addition of new species to the ecosystem and in turn facilitate the reinforcement and maintenance of the tree diversity in the ecosystem (Nakagawa et al., 2013) .
Conclusion
The study documented an array of composition found across the ecosystem according to their respective abundance in the ecosystem. Their stem densities were similar with those of other tropical forest ecosystems, while their diversity increased with disturbance across the ecosystem. The ecosystem is characterized by general low species richness, as in other freshwater swamp forests in the Neotropics. This implies that the loss of any single species in the ecosystem poses a great threat to species' existence and conservation, and in turn, puts the ecosystem at the risk of ecosystem collapse. Furthermore, as the species diversity and rarity of the ecosystem are more associated with disturbed locations more than the intact zones, effective conservation of the ecosystem should be focused not only on the intact forest locations with higher basal area per hectare, but also on the disturbed locations whose higher species' value is vital for the stability of the ecosystem. 
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